Risk assessment is an important and significant aid in the decision making process. Risk assessment is performed using 'model' and a model is a function of parameters which are usually affected by uncertainty. Some model parameters are affected by aleatory uncertainty and some others are affected by epistemic uncertainty. In this paper we propose a hybrid method to deal with propagation of both kinds of uncertainty within the same computation of risk.
Introduction
Risk assessment is an important and popular aid in the decision making process. The aim of risk assessment [10] is to estimate the severity and likelihood of harm to human health from exposure to a substance or activity that under plausible circumstances can cause to human health. The assessment is performed using model and a model is a function of parameters which are usually affected by aleatory and epistemic uncertainty. Uncertainties have different representations viz. probabilistic and possibilistic. Many researchers have addressed uncertainty in risk assessment using probability theory. For example Labieniec , Dzombak and Siegris [15] , Maxwell, Pelmulder, Tompson, and Kastenberg [17] , Maxwell and Kastenberg [18] , Prado, Draper, Saltelli, Pereira, Mendes, Eguilior, Cheal and Tarantola [16] , Ma, Wu and Ton [12, 13] presented application of probability theory to human health risk assessment. But probability theory intended only for aleatory uncertainty and it is inappropriate to represent epistemic uncertainty. To overcome this limitation of probability theory Zadeh in 1965 introduced fuzzy set theory. Dou, Woldt, Bogardi, Dahab [7] , Bardossy, Bronstert and Merz [1] and different researchers presented applications of possibility theory to the environment problems. Aleatory uncertainty arises due to inherent variability, natural stochasticity, environmental or structural variation across space or through time, manufacturing or genetic heterogeneity among components or individuals, and Varity of others sources of randomness. On the other hand epistemic uncertainty arises due to the insufficient knowledge about the world, which includes small sample sizes, detection limits, imperfections in scientific understanding etc. In risk assessment model parameters are usually affected either by aleatory uncertainty or by epistemic uncertainty. A few researchers have addressed the issue of combining probabilistic and possibilistic representation of aleatory and epistemic uncertainty respectively within the same computation of risk. For example, Baudrit, Dubois, Fargier [2] , [3] , Baudrit, Dubois [4] , Guyonnet, Bourgine, Dubois, Fargier, Côme and Chilès [8] , Guyonnet, Côme, Perrochet, Parriaux [9] , kentel and Aral [10] have proposed hybrid method for join handling of probability and possibility distributions. The hybrid method proposed in [8] combines the random sampling of probability distribution functions (PDFs) with fuzzy interval analysis on the α-cuts. In order to compare random fuzzy set to a tolerance threshold Guyonnet, Bourgine, Dubois, Fargier, Côme and Chilès [8] performed a post-processing of this result. Baudrit, Dubois, Guyonnet and Fargier [5] laid bare a shortcoming of this post-processing method. In [5] authors showed how the theory of evidence, also called theory of Dempster-Shafer (or theory of belief functions; Shafer, 1976) could provide a simple and rigorous answer to the problem of summarizing the results of the hybrid computation for comparison with a tolerance threshold. In the hybrid approach proposed in [10] combined utilization of fuzzy and random variables produces membership functions of risk to individuals at different fractiles of risk as well as probability distributions of risk for various alpha-cut levels of the membership function.
In this paper we propose a hybrid approach for combining probability and possibility distribution functions within the same computation of risk. We used both Monte Carlo simulation and possibility theory in our method in which the interval arithmetic proposed by Ganesan and Veeramani [14] is taken to perform interval operation. Further we assume independency between the parameters. 
PROBABILITY THEORY
Probability theory frequently used in uncertainty analysis. If parameters used in prescribed models are random in nature and followed well define distribution, then probabilistic methods are most suitable and well accepted approach for risk assessment.
A random variable is a variable in a study in which subjects are randomly selected. Let X be a discrete random variable.
A probability mass function is a function such that
The cumulative distribution function of a discrete random variable X, denoted as F(x) is ( ) for every subset B of the real line.
As X must assume some value, f must satisfy
This means the entire area under the graph of the PDF must be equal to unit.
In particular, the probability that the value of X falls within an
The CDF of a continuous random variable X is
POSSIBILITY THEORY
Possibility theory normally associated with some fuzziness, either in the background knowledge on which possibility is based or in the set for which possibility is asserted. This constitute a method of formalizing non-probabilistic uncertainties on events i.e. 
3.1: Sampling Technique for Possibility Theory:
Sampling technique to generate random numbers generally used in probabilistic method can also be used for possibility theory. Here, uniformly distributed random numbers between 0 and 1 are generated. Random variables of given uncertainty are generated by equating these numbers to necessity function and possibility function. Two numbers are generated in this process, one corresponding to necessity function and the other corresponding to the possibility function. This process is repeated for all the uncertainty variables present in the model.
For a uniformly distributed random number u the uncertain variable x n having necessity function Nec(x n ) and uncertainty variable x p having possibility function Pos(x p ) are obtained as
For example, for the fuzzy number A= [10, 20, 30 ] the possibility measure and necessity measure are depicted in figure 1 . Now, for the uniformly generated random number say 0.6, the value of the random variable is 26 for the necessity measure and 16 for the possibility measure. 
INTERVAL ARITHMETIC-A NEW APPROACH:
In [14] , Ganesan and Veeramani proposed a new interval arithmetic approach on R based on mid-point of interval. The approach is summarized below: (iv) Division: 
PROPOSED HYBRID APPROACH:
Consider a model to obtain upper and lower probability.
3. Possibilistic Sampling: Generate n numbers of uniformly distributed random numbers from [0, 1] and perform Monte Carlo simulation to obtain random numbers by sampling possibility distribution. Here we will get n numbers of close intervals i.e., 2n numbers of random numbers will be generated (n for possibility measure and n for necessity measure).
4. Assign all m random numbers and n closed intervals in the model M and perform (whatever) arithmetic operation between random numbers and closed intervals. It will produce n numbers of closed intervals and thereafter perform arithmetic operation between the close intervals using K. Ganesan et al Interval Arithmetic. Output will be a single closed interval.
5. Repeat step 1 to step 4 N times. So, we will have N numbers of close intervals.
6. Consider M 1 and M 2 , the collections of all initial and end points of the resulting intervals respectively. 7. Cdf plot of M 1 and M 2 , which will give the upper probability and lower probability respectively.
CASE STUDY:
To demonstrate and make use of the proposed hybrid method a hypothetical case study for non-cancer risk assessment is presented here. As due to the discharge of produce water into the sea a lot of organic and inorganic pollutants (however, in this example we consider only the heavy metal arsenic (As) because of its toxicity and high concentration in produced water.) release into the water and which are harmful to the aquatic organism. Therefore human being may be affected by ingestion of such contaminated aquatic organism. An evaluation is necessary to determine the possible impact such substances may have on human health and ecology. For this purpose, risk assessment is performed to quantify the potential detriment to human and evaluate the effectiveness of proposed remediation measures. Here, we will consider three fuzzy scenarios.
Scenario1:
In this scenario, representation of the parameters predicted environmental concentration (PEC), chemical bioaccumulation factors (BCF) are considered to be fuzzy number while body weight (BW) and fish ingestion rate (FIR) are taken as normal probability distribution and other parameters are taken to be constant. Values of the parameters for the calculation of non-cancer risk are given in the table 1. The results of the non-cancer human health risk assessment using equation (3) of scenario1 are depicted in figure (2).
Scenario 2:
In this scenario, representation of the parameters chemical bioaccumulation factor (BCF) and reference dose (Rfd) are considered to be fuzzy number while the representation of the parameters body weight (BW) and fish ingestion rate (FIR) are taken as probabilistic and other parameters are taken to be constant. Values of the parameters for the calculation of noncancer risk are given in the The results of the non-cancer human risk assessment using (3) of scenario 2 is depicted in figure  ( 3).
Scenario 3:
In this scenario, representation of the parameters predicted environmental concentration (PEC), chemical bioaccumulation factor (BCF) and reference dose (Rfd) are considered to be fuzzy number and other parameters are taken to be constant. Values of the parameters for the calculation of non-cancer human health risk are given in the The results of the non-cancer human risk assessment using (3) of scenario 3 is depicted in figure (4) .
In this study, in each scenario representation of some parameters are aleatory nature and some are epistemic nature. Instead of interval arithmetic [14] if we consider vertex method to combine intervals in the proposed hybrid method the results contains more imprecision than the proposed method and also results tally with [6] . The results of the noncancer human risk assessment, applying vertex method in the proposed hybrid method and the superimposition of both the methods of scenario1, 2 and 3 are depicted in figure 5- figure  10 . 
CONCLUSION
In risk assessment, it is most important to know the nature of all available information, data or model parameters. More often, it is seen that available information is interpreted in probabilistic sense because probability theory is a very strong and well established mathematical tool to deal with aleatory uncertainty. However, it is clear that not all available information, data or model parameters are affected by aleatory uncertainty (i.e., nature of the data, information or parameters are random) and can be handled by traditional probability theory. Imprecision may occur due to scarce or incomplete information or data, measurement error or data obtain from expert judgment or subjective interpretation of available data or information. Thus, model parameters, data may be affected by epistemic uncertainty. Fuzzy set theory or possibility theory should be explored to handle this type of uncertainty. Sometimes, it is also seen that some model parameters are affected by aleatory uncertainty and some parameters are affected by epistemic uncertainty. For this purpose, in this study, we proposed a hybrid approach to combine both modes of representations of uncertainty by considering independency between the parameters. In our approach first uniformly distributed random numbers are generated and Monte Carlo simulation is performed for probability distribution to obtain random numbers. Then we consider the possibility distributions i.e., fuzzy numbers and use the possibility and necessity measures to obtain upper and lower probability distributions. After that uniformly distributed random numbers are generated and Monte Carlo simulation is performed for possibility distribution to obtain random numbers which gives closed interval and thereafter random numbers and close intervals are assigned in the model. This gives close intervals and we performed arithmetic of intervals using Ganesan interval arithmetic [14] . The process is repeated N times and cumulative probability distribution for initial and final values are plotted. Using our proposed hybrid method, we have demonstrated a hypothetical case study by 
